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rhenium which were produced by photonuclear reactions in osmium and iridium. Osmium activities
produced by slow neutron bombardment on osmium metal have also been investigated. During the course of
these experiments a method of concentrating osmium activities by the Szilard-Chaimers process was
discovered and was further developed.
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HIGH SPECIFIC RADIOACTIVITIES OF OSMDJM 
* FROM ffiO'IDNUCLEAR REACTIONS 
by 
Russell F. Mitchell and fun S. Martin, Jr. 
ABSTRACT 
The 70 Mev bremsstrahlung irradiattons of og8have prepared a 6 hr. Os 
activity, osl91,19lm, Rel90(1 hr.) Rel86 and Rel • Thin Os samples were 
electroplated which allowed a windowless counter determination of absolute 
disintegration rates. By this method the relative yields of osl9ljosl9~m 4 lN'ere found to he 0.25 + 0.1. A relative yield, osl92( ;y , n) Osl9lm/cl3~(6' ,n)cl3 , 
of h~ was obtained. The 70 Mev bremsstrahlung irradiations of Ir yielded 
osl~ ,191m and a 4 hr. Os activi~. Also produced were Irl90,190m (3 hrs. 
and 12 d.) and a relatively high yield of 19 hr. Irl94 which indicated ~1e 
presence of a significant neutron flux in the vicinity of the Iowa State 
College synchrotron donut. A 6-hr. Os daughter formed from a 12 d. Ir parent 
was also noted. In irradiations of the compound (NH4)0sCl6 a Szilard-
Chalmers effect was observed. When the target compound was subjected to a 
nitric acid oxidation 40-60 per cent of the osmium activity distilled with 
the first few milligrams of Os04. Enrichments as high as 40 were obtainable. 
Only a small fraction of activity was initially collected in an Os04. 
separation so the enrichment depended upon the rate of oxidation of c,he recoil 
atoms by nitric acid and it was enhanced by the presence of ammonium ion. 
*This report is based on a Master's thesis by Russell F. Mitchell submitted 
January, l95.S to Imva State College, Ames, Iowa. This work was done under 
contract with the Atomic Energy Commission. 
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INTRODUCTION 
The investigation described in this thesis has included a study of the 
activities in iridium, osmium, and r henium which \vere produced by photonuclear 
reactions in osmium and iridium. Osmium activities produced by slmv neutron 
bombardment on osmium metal have also been investie;ated. Durinr, the course 
of these experiments a method of concentrating osmium activities by the 
Szilard-Chaimers process was discovered and was further developed. 
Osmium has seven stable isotopes from mass number 184 to 192 with 
vacancies at 185 and 191. (';Cadman and Pool (l) have assigned a 95-day 
activity to mass number 185, and Stover (2) has assigned a 24-hour and a 
12-hour activity to osl82 and Os153 respectively. Seaborg and Friedlander 
(3) found two new osmium activities with periods of 32-hours and 17-days. 
They believed that osl9l should be produced by fast neutron bombardment of 
osmium by the reaction osl92(n, 2n)Osl91, while osl93 could not be formed by 
a similar reaction. In addition, both isotopes would be fanned by (n, 0' ) 
reactions. They found the ratio of 32-hour to 17-day activity was twice as 
large with fast neutrons as with slow neu trans. From the results of these 
experiments they assigned the 32-hour activity to Osl9l and the 17-day 
aqtivity to osl~3. Katzin and Pobereskin (4) believed that the Osl93 activity 
had a period of 15-days and that the 1'7-day period observed by Seaborg and 
Friedlander was a mixture of the 15-day activity and the 97-day osl85. 
Swan and Hill (5, 6) irradiated osmium metal with 25-mev gamma rays 
and found no 32-hour activity, but they did find the 15-day activity plus 
a 14-hour activity. All three activities were also produced by neutron 
bombardment upon osmium metal. These results led Swan and Hill to assign 
the 15-day activity to osl91 and the 32-hour activity to Os1~3. These workers 
also found that the 15-day activity was formed as a decay product of the 14-
hour activit¥ and, therefore, assigned the 14-hour activity to an isomeric 
state of osl9l. 
Since the 74.2-kev transition of Os191m is just in excess of the K-shell 
binding energy (73.87 kev) it has not been possible to obtain an e~imental 
K/L ratio directly for this transition. Swan and Hill (5) originally thought 
the 74.2-kev transition from the isomer~c state was an M4 type. The 41.7-
and 129-kev transitions of the 15-day osl91 were identified as being E2 and 
a mixture of E2 and Ml types respectively (6). Later the 14-hour osl9lm 
uas assigned to an isomeric state with an M3 type transition (6). Finally, 
Hill and Mihalich (7) suggested that the 74-kev transition probably was 
composed of a mixture of E3 and M4 types. According to the graphs of 
Goldhaber and Sunyar (8) an M4 type transition for osl9lm would have a K/L 
ratio much less than one. An E3 transition would have a K/L ratio of 
approximately 0.1, and an M3 type would have a K/L ratio of one. Since 
the 74-kev gamma transition has been considered a mixture of E3 and M4 types, 
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it has been assumed that the K/L ratio will have a value < 0.1. The K/L 
ratio to be used in determining the relative yield of os19l and osl9lm will 
be discussed more fully under Results and Discussion. 
T. C. Chu (9) has reported four new activities of osmium formed as 
daughter products of iridium. A 9.5-minute and a 6-hour activity were 
tentatively assigned to iso~eric states of osl90. A 35-hour activity was 
tentatively assigned to osl 7 and a 50-day activity to osl89. The 9.5-
minute and 6-hour activities appeared to be daughters of the 3.2-hour and 
12.5-day rrl90 respectivell. The 35-hour and 50-day osmium activities are 
apparently daughters of Ir 87 and rrl89 respectively. 
The attainment of high specific activities is an important requirement 
for the detection and utilization of radio activities produced by photo-
nuclear reactions. It becomes especially important in the cas.e of Osl91 
and osl9lm since both activities emit 11 soft 11 radiations. Because of low 
yields, even samples of infinite thickness do not give convenient counting 
rates with end-window counters. \-~hen the osmium samples are counted in the 
windowless, gas-flm.J" counter relatively thick samples are still required to 
give statistically reproducable results. As the countinv, samples are made 
thicker it becomes more difficult to make samples with uniform thickness, 
therefore, self-absorption and scattering corrections can not be made with 
a high degree of accuracy. These corrections must also be considered with 
thin samples having a high specific activity, but the corrections can be 
made with greater certainty. 
High specific activities of radioisotopes produced by ( 6 , n) reactions 
are hard to obtain because of low yields, dilution by the target material, 
and the difficulty of separating the radioactive nucllies from the target 
element. The Szilard-Chalmers reaction (10), in which the target atom is 
e,jected from a sui table compo1md containing the element to be transformed, 
offers a means of concentrating radioactivities, provided that a suitable 
means can be found to separate the ejected radioactive atoms from the 
compound. Friedlander and Ken nedy (ll, p. 253) have stated that for a 
compound to be suitable for use in the Szilard-Chalmers process it should 
have the followin~ characteristics: 
l. the radioactive a tom must be ejected from its place in the 
compound 
2. it must not exchanr e rapidly with inactive atoms in other 
molecules 
3. the recombination of radio atoms and fragments of the original 
compound must be small 
4. the compound must not undergo decomposition during the irra-
diation 
5. some method of separating the active atoms must be available. 
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Wilfrid Herr (l~) has used the phthalocyanine complex of osmium to 
obtain osmium in an almost carrier-free state by the (n, o) recoil process. 
Similar exneriments using the ( 1~ , n) recoil process have not been reported. 
Larson and Garner (13) have demonstrated that salts of hexachloroosmate(IV) 
complex do not exchange chloride, and it was discovered during these experi-
ments that the central atom does not exchange rapidly with osmium(VIII). 
Therefore, it was believed that the ammonium or potassium salt of the hexa-
chloroosmate(IV) complex would be suitable for use in the Szilard-Chalmers 
process. 
EXPERIMENTAJ~ PROCEDURES 
Instruments Employed 
Radiation sources 
The bremsstrahlung x-rays from the Iowa State College Synchrotron, 
having a maximum energy of 67 mev, were used to produce all the photonuclear 
reactions in osmium and iridium. For their irradiation, samples were placed 
in pyrex test tubes of approximately l em. diameter. The sample tubes were 
placed in a larger pyrex tube which was securely aligned in the synchrotron 
beam by means of lucite or aluminum holders . The relative beam intensity 
was measured by means of an ionization chamber which automatically prepared 
a plot of the intensity on a recording milliammeter. 
Some osmium samples were bombarded with slow neutrons produced by one 
of the piles of Argonne National Laboratory. These samples, in the form of 
osmium metal, were sealed in quartz tubes and placed in aluminUm cans for 
shipment and bombardment. 
Beta counters 
Standard end-window Geiger-Muller tubes, ~pe TGC-2, manufactured by 
Tracerlab, Inc. were used to measure the activities of iridium and rhenium 
and in some cases osmium activities . These counter tubes had a window 
thickness less t han 2 mg. per cm2. The tubes were mo1mted in heavy cast 
iron housings t o reduce background counts. 
Most of the counting of osmium activities was performed by means of a 
windowless, gas-flow counte r manufactured by the Research Equipment and 
Service Company of Chicago . This instrument was a three-cell type so 
arranged that one cell was in countin~ position while a second cell was being 
flushed with "Q'1- gas . "Q"-gas obtained from the Matheson Company was passed 
through t he counter a t a constant rate. A Co60 source electroplated on a 
platinum disc was used as a standard and was counted prior to all experi-
mental runs. 
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Scalers, with conventional scale of 64, made by the Nuclear Instrument 
and Chemical Corporation, model number 165, or a decimal scaler manufactured 
by Berkeley Scientific Division of Beckman Instruments, Inc., model number 
100, were used in conjunction wit:,_ all Geiger-Muller counters. 
Electrodeposition apparatus 
Tne osmium countinG samples were electroplated using a Sargent-Slomin 
electro-analyzer with rotatin~ anode. Electrodeposition cells, manufactured 
by Tracerlab, Inc. especially for use in electroplating radioactivity for 
countin,r; samples, were used to hold the solutions. These cells consisted of 
a metal frame on the bottom of which was placed a platinum disc which served 
as the cathode. ~ nJbber r,asket and r,lass chimney were held securely on top 
of the disc. 'rJhen the electrolysis was complete liquid was poured off, the 
chimney and gasket were removed, and the electroplated sample was weighed 
and counted. 
Scintillation spectrometer 
In some experiments a single channel spectrometer used in conjunction 
with a Nai crystal scintillator obtained from the Arionne National Laboratory 
was used to study the 129-kev gamma transitjon in Ir 91. 
Materials and Preparations 
Osmium was obtained as the tetraoxide from the Mallinckrodt Chemical 
Company and the Fisher Scientific Company. Iridium, as the trichloride, was 
obtained from the Fisher Scientific Company. Rhenium metal was purchased 
from the Department of Chemistry of the University of Tennessee. All other 
chemicals were of reagent grade quality and met A.C.S. specifications. 
Because of the expense of osmium it was necessary to find an adequate 
means for its recovery from al:l solutions and electroplated samples. For 
the recovery of osmium, 'solutions were made basic with NaOH; ethanol was 
added and the solutions were heated to reduce osVIII to OsVI. Powdered 
aluminum was added to the hot solution to reduce the osmium to the metal. 
A solution was then filtered and the osmium metal collected on filter paper. 
The metal was bn1shed from the paper into a container. Osmium which had been 
electroplated onto platinum discs was removed from the discs with fuming 
H~03. TI;e discs were placed in an all glass dj stilling flas k and covered 
Wl tft fnmlnf, HN03. When the solution was he a ted Os04 formed and was 
collected in NaOH. This basic solution of Os04 was treated as above. 
The ammonium hexachloroosmate(IV) was prepared by two methods. The 
first was originally described by R. Gilchrist (14). This method consisted 
of distilling Os04 into constant boiling HCl and refluxing the solution for 
severa~ hours. The complex ion, ;-oscl6 7~, was precipitated as (NH4)20sCl6 
by addJ.ng NH4Cl. - -
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A variation of this method was to dissolve the Os04 in a dilute solution 
of NaOH containing a few ml. of ethanol. Excess HCl was added and the 
resulting solution refluxed as above. 
20s04 + SLOB~ + c 2H50H ---i2f5so4-7= + LCHJCOQ7- + 4H2o 
2LQso4-7~ + l2LH_7+ + l2LC~-~ 2f5scl6_J= + 6H20 + o2 
Dwyer and Hogarth (15) originated the second of the two methods used in 
these experiments. The Os04 was dissolved in a solution of HCl containing 
FeCl2 which served to reduce osVIII to osiV. The solution was heated in a 
stoppered flask for several hours and then the complex ion L5sc1~= was 
precipitated as above. In all preparations the (NH4)20sCl6 was recrystallized 
from HCl and then dried in a vacuum disiccator over P205. 
The potassium salt was prepared in a similar manner, NH4Cl being 
replaced by KCl as the precipitating agent. 
Osmium carrier solutions were prepared either by dissolving Os04 in 
NaOH and diluting to the mark in a volumetric flask, or by preparinp; a 
standard solution of (~~4)20sCl6. Rhenium carrier solution was prepared 
by dissolving the metal in concentrated HNOJ to obtain HRe04 and then 
diluting the solution in a volumetric flask. 
Chemical Separations 
Distillation of osmium 
Distillation of osmium is a standard method for separating the element 
from other heavy metals (16, p. 74g) and vJas used in these experiments to 
separate osmium from iridium and rhenium. The distillation apparatus used 
in these experiments consisted of a 300 ml. round-bottom flask equipped with 
a head having an air inlet tube extending to the bottom of the flask, a 
thistle tube, and an exit tube leading to two NaOH traps. Stopcock lubricant 
was used only on the thistle tube stopcock. Other glass to glass seals were 
made by moistening the glass joints with water. 
The osmium compound was placed in the flask and the apparatus was 
sealed. Air was dra'.-m through and HNOJ was added through the thistle tube. 
Upon heating the solution, Os04 distilled into the NaOH traps which were 
cooled in an ice bath. For experiments in which osmium metal was added, 
fuming HNOJ was used to oxidize the metal to Os04. 
In experiments with IrClJ osmium carrier was sometimes added in the 
form of OsVIII; in other cases hexachloroosmate(IV) Has added. In some 
experiments an attempt was made to separate the osmium activity from iridium 
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by distillation using HNOJ to oxidize the osmium. The iridium solution 
containing HNOJ was heated and the Os04 was distilled into NaOH as above. 
When osVIII 1-1as added as carrier, it was found that nearly 100 per cent of 
the added osmium was recovered. \1-lhen a second osmium separation was made 
nearl;r as much osmium activity apneared in the second fraction as in the 
first. It was apparent that the osmium activity formed from the iridium 
was in an oxidation state which was oxidized slowly by HNOJ• 
Linder (17) has reported that an effective method of removing osmium 
from iridium was to distil the osmium from a HC104 solution. The HCl04 
and osmium carrier were added to IrClJ and the solution heated to approximately 
195°C. The Os04 was collected as described above. ~fuen a second osmium 
separation was made a long-lived activity was found; but when the osmium was 
redistilled, no long-lived component toJ"as present. Apparently, the long-lived 
activity was &1e to iridium which was carried over with entrained solution 
during the distillation. 
Extraction of osmium 
In some experiments the osmium was separated from other elements by 
extracting it as Os04 into CCl4. This procedure has been described by Gile, 
Garrison and Hamilton (18). 
An exploratory experiment was made to see if there was exchange between 
OsVI as L5s04_7= and oslnii as Os04. For this experiment, 374 mg. of Os04 
which had been irradiated in the synchrotron was used as the source of 
radioactive osmium and osVIII without further treatment. The sample was 
dissolved in CCl4. A solution which contained 6.5 mg. of osmium as L5s04~ 
was prepared by reducing OsVIII in dilute NaOH with ethanol. The solution 
was then acidified with HN03 and immediately extracted with the CCl4. The 
total con tact time was approximately 5 minutes. The layers were separated 
and counting samples prepared from each. The osmium was distilled from the 
aqueous layer to insure the absence of rhenium activities in the osmium 
counting sample. The specific activities of the samples were corrected to 
zero sample thickness and were found to be 141 counts per minute-mg. osmium 
for t he organic layer and 139 for the aqueous phase. Any osmium in the 
irradiated sample which was not as osVIII might have been extracted into the 
aqueous phase and tne specific activity of the osVI would appear too high. 
Therefor.e, the agreement between the specific activity for two phases might 
be coincidental. Although it is felt that a rapid exchange between osVI 
and osVIII has not been proven unambiguously, the results are not in disagree-
ment with such a rapid exchange. 
Rhenium and iridium separation 
Rhenium carrier was added as HRe04 to the distillation flask before 
the osmium was distilled. Rhenium activity was separated from the solution 
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rema1n1ng after the osmium distillation. For this, the solution was evaporated 
to near dryness to destroy most of the HN03. The residue was taken up. in a 
few ml. of water and then cooled in an ice bath; TlN03 was added to precipitate 
TlRe04. The precipitate was washed with cold water and finally with ethanol 
and ether, and then dried and weighed. 
After osmium had been separated from iridium, aliquots of the iridium 
solution were removed. Iridium was precipitated as the hydrated oxide according 
to the procedure given by Treadwell and Hall (19, p. 145). 
Chloride separation 
To separate chloride from hexachloroosmate(IV) a small amount of the 
salt was fused with an excess of Na2C03. The fused mass was leached with 
water to remove chloride. Counting samples of chloride were then prepared 
qy one of two methods. In the first method the solution was acidified with 
HN03 and AeN03 added to precipitate AgCl. 
It was desired to count chloride activities under the same conditions 
as the osmium activities. Therefore, it was necessary to find a method of 
countinr, chloride in the gas-flow counter. Samples prepared by precipitating 
ttgCl were not adaptable to counting in the gas-flow counter because of the 
ease of disrupting the AgCl deposits. It was found, however, that the 
chloride could be plated as AgCl onto a silver disc. After the chloride 
had been leached from the fused mass, the pH of the solution was adjusted 
to approxim~tely 7 with HN03. The solution was placed in a Tracerlab cell 
and the chloride plated onto a silver disc. The polarity of the Sargent-
Slomin electro-analyzer was reversed so that the silver disc would serve 
as the anode. It was necessary to keep the weight of the deposits <.10 mg. 
because deposits much thicker than this had a tendency to peel from the 
silver disc . The weight of the chloride was determined by dissolving the 
Ar,Cl deposit from the silver disc with aqueous ammonia. The solution was 
acidified with HN03 to reprecipitate the AgCl. The precipitate was filtered 
through a filtering crucible and washed, dried, and weighed. 
Szilard-Chalmers Process 
The ammonium or potassium salts containing the complex ion /5sC16 ]= 
were originally prepar~g to serve as a source of chloride so that the relative 
yield of osmium and Cl might be compared. In an experiment with (NH4)20sC16, 
a part of the sample was fused with Na2COJ to obtain a chloride sample and 
the rest of the sample was placed in a distillation flask. It was found 
that the hexachloroosmate(IV) was oxidized slowly in a HN03 solution. During 
the distillation several samples were collected at intervals of approximately 
5 minutes . The specific activity of the osmium obtained from the first 
distillation was considerably higher than samples obtained from following 
distillations and from an osmium sample prepared from the carbonate fusion. 
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From the experiments, it was concluded that a Szilard-Chalmers process 
had occurred and these salts might be used to obtain high specific radio-
activities of osmium. The process was, therefore, investigated further. 
After a sample of hexachloroosmate(IV) was irradiated, it was dissolved 
in water. Aliquots of t he solution were removed to prepare chloride and 
gross osmium countinr, samples. The remaininp, solution was placed in an all 
glass distilling apparatus and acidified with rmo3. The distillation procedure 
was simila r to that described under Chemical Separations; however, the exit 
tube was equipped with a two-way stopcock leading to two sets of NaOH traps. 
In this ww, it was possible to remove one set of traps w:ithout stopping the 
distilLJ. tion. Three to five samples were usually taken during the distillation. 
Osmium samples were also prepared from the solution remaining in the still. 
Counting Procedures with lvindowless Geiger-Muller Counters 
windowless, gas-flow Geiger-Huller counters a re useful for the detection 
of low energy beta-particles and electrons since absorption due to window and 
air is eliminated. Graf, Comar, and Whitney (20) have shown that the advantage 
of counting with a windowless counter increases with decreasin~; beta energy. 
Christian, Dunning, and Martin (21) have shown that with platinum back 
scatters of sufficient thickness to be equivalent to 1/5 the range of the 
beta-particle energy, counting efficiencies approached a limiting value of 
about 78 per cent. This limit was independent of energy. Since the beta-
particles of the osmium activities in question have a maximum range of 120 
mg. of aluminum per cm2., the platinum backing used for the osmium plates 
were sufficient to give saturation back scattering for the osmium activities. 
Electrodeposition of osmium 
In order to have osmium counting samples of uniform thickness to reduce 
the effects of self-scattering and absorption, it was necessary to electro-
plate the osmium onto platinum discs. No method of electroplating osmium 
was found in the literature, so it was decided to use plating methods similar 
to those used for platinum. Slomin (22, p. 23) used a 2 per cent H2S04 
solntion from which to plate platinum. ~Then this solution was used for 
osmium black deposits were obtained which were v,rainy, and the osmium could 
be brushed off. Friend (23, p. 267) described a plating solution for platinum 
consisting of ammonium and sodium phosphate and NaCl. A basic solution of 
OsOJ, was treated with this solution. The solution was placed in a Tracerlab 
celi and the osmium was plated on a platinum disc at about 1 ampere. The 
depos;it had a gray metallic luster, but the osmium could be brushed from the 
platinum disc. \~en the deposits were viewed under a low power binocular 
microscope many individual clumps could be seen. It was found, however, that 
when the plating solution was kept near boiling during the platint:;, deposits 
were obtained which had a bright metallic surface. Under the low power 
binocular microscope they appeared smooth and uniform. 
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The following procedure gave t he best results. A solution of NaOH 
containing Os04 was treated with 5 ml. of plating solution containing 20g 
(NH8P04, 90g Na3P04, and 5 g NaCl per 1000 ml. The NaOH solution of Os04 
was yellow but it became colorless when it was heated with the phosphate 
plating solution. The solution was evaporated down to a volume of approxi-
mately 20 ml. It was transferred to a Tracerlab cell and the osmium 
deposited on a platinum disc at l to 2 amperes. The solution was kept near 
boiling during the plating. 
The platinum discs, on which the osmium activity was plated, were 
mounted on copper discs to aid in placemGnt and removal of the counting 
samples from the gas-flow coutlter. A Cob0 source, plated on platinum and 
mounted on a copper disc in the same manner as was the osmium sample, was 
used to calibrate the gas-flow counter. It was co 1m ted prior to counting 
the osmium samples to insure proper operating condition of the counter system. 
Self-absorption and scattering corrections for osl91 and osl9lm 
In order to determine the corrections to be made on counting data because 
of self-absorption and scattering in the osmium samples, a series of samples 
was prepared with weights varying from l to approximate~y 36 mg. The weight 
of the deposits was distributed over an area of 3.14 ern • The activity for 
each of the samples was plotted for a period of 7 days. The total activity 
(counts/min.) at t equals 21.5 hours was read from the gross decay curve and 
divided qy the sample weight to give the specific activity of the sample. 
These data were plotted versus sample thickness (mg/cm2)(Figure 1). After 
the 14-hour activity was no longer detected, the 15-day curve was extrapolated 
back to t 0 for the various samples. The 15-day activity at t equals 6 days 
was treated as above for the gross activity to give the self -absorption and 
scattering curve for the . 15-day osl91. This curve was corrected back to t 
equals 21.5 hours and subtracted from the gross self-absorption and scattering 
curve. The resulting curve would have been the self-absorption and scattering 
curve for the osl9lm if no osl91 had grown in from the decay of the osl9lm 
during the period between t equals 21.5 hours and t equals 6 days. There-
fore, it was necessary to estimate the amount of the 15-day activity that was 
due to t he grm-Jth of the daur,hter osl91 from the parent osl9lm for this period. 
Assuming a K/L ratio of 0.1, it was estimated that the Os19lm aqtivity 
could be co1mted 1-1ith an efficiency of 75 percent. The specific-activity 
at zero thickness for t he Os19lm was corrected to disintegrations per minute 
with t he above efficiency correction. From the following relation 
(1) 
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Fig. 1--Self-absorption and scattering curve for osl9l,l9lm. 
Total activity at t equal 21.5 hours shown by-; total activity 
at t equal 6 ~s shown by 0; broken curve is estimated 15-day 
osl91 activity at t equal 21.5 hours; solid curve is osl9lm at 
t equal 21.5 hours. 
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the amount of osl91 growing in from Os19lm was determined. The 15-day activity 
was subtracted from the original 15-day curve. The resulting curve was 
corrected back to t equals 21.5 hours and subtracted from the gross curve to 
give the Osl9lm self-absorption curve as a second ap proximation. A third 
approximation did not change the Osl9lm curve. The self-absorption and 
scattering curves for osl9lm and osl91 (Figure 1) were used to correct osmium 
activities from other experiments for self-absorption and scattering. These 
corrected values of the specific activities could then be used in calculating 
the relative yield ratio between the osl91 and osl9lm -
Dead-time corrections for counting data 
Many of the osmium counting samples had high counting rates; therefore, 
it was necessary to make corrections on these data for counter dead time. 
Since the windowless Geiger-Muller tube is relatively insensitive to precise 
geometrical arrangement of the source (21), the dead time of the counter 
system could be made using the split source method (24, p. 61) with some 
degree of accuracy. A.n o3fflium sample having a high counting rate and 
containing no 14-hour osl9lm activity was prepared. The sample was cut in 
half; one side was marked m1 and the other side m2• Each sample was counted 
separately and then tQgether. The dead time, ·r , was calculated using the 
following equation 
~ ml + m2 - ml2 - mb 
6 =--------2 2 2 
ml2 - ml - m2 
where m1 equals counting rate of sample m1 
m2 equals counting rate of sample m2 
m12 equals counting rate of m1 and m2 
mb equals background counting rate. 
To determine the correction to be added to the observed counts, a 
plot was made of ,1-1 m versus observed counts; ,0 m was the correction 
to be added to the observed count and was found from the relation 
,-···-
1 - m 0 
(2) 
(3) 
,--___/ 
The dead time & was determined for a total countin g rate of approxi-
mately 10,000 counts per minute and for approximately 30,000 counts oer 
minute, 6and was found to be nearly the same for both cases, (approximately 6 x 10- min.). 
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RESULTS AND DISCUSSIONS 
Photonuclear and Neutron Irradiations of Osmium 
Photonuclear reactions in osmium 
Osmium activities. Three osmium activities were formed from photonuclear 
re~ctions in osmium (Figure 2), a 15-day activi~, a 14-hour activity and a 
short-lived period with a half -life between 3 and 4 hours. No 32-hour 
activity was found from photonuclear f9~ctions in osmium, confirming Swan's 
and Hill 's (6) assignment of it to Os • The 14-hour activity is the isomeric 
state of Osl91 which decays qy a highly converted gamma-ray to the 15-day 
ground state. 
The short-lived component was found after subtracting the 15-day and 
14-hour ~ctivities from the gross decay curve. Since this half-life was 
found for a moderate intensity activity after two subtr~ctions, it may be 
in error by a factor of 2. This activity can possibly be, therefore, the 
6-hour osmium activity reported by Chu (9) to be a daughter product of the 
12-day Irl90. 
Rhenium activities. The rhenium activities found in the rhenium 
fraction sepC}rated after the osmium distillation were the well ·-known 
90-hour Rel~b, 17-hour Rel88, and 1-hour Re19° (Figure 3). All three 
activities would be expected to form from photonuclear reactions in osmium 
(25, 26). 
Butement (27) has reported a 17-minute activity in the region of Re189. 
This activity was not observed in the rhenium decay curve. Since t he rhenium 
samples were not counted until approximately 2 hours after t he end of the 
irradi~tion, any 17-minute activity which might have been f ormed in the 
irradiation would have decayed sufficiently to escape detection. 
Determination of yields of osl91,19lm from photonuclear reactions in osmium 
Calculation of rates of formation of osl91 isomers. From standard 
express ions for radio active growth and decay, the follo~ring calcul~tions 
were m~de 
Subscript 1 refers to osl9lm 
Subscript 2 refers to osl91 
R equals rate of formation in the beam 
N equals number of ~toms at time t 
N° equals number of atoms a t end of i rradi ation 
A equals ~ctivity at time t 
A0 equals activity at end of irradiation 
z 
:2 
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Fig. 2--0am:ium fraction from 4-hour x-ray irradiation of 
(NH4)20aCl6. 
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Fig. 3--Rb.enium fraction from 4-hour x-re:y irradiation of 
Os04. 
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~equals disintegration constant 
Y equals length of irradiation 
t equals time after end of irradiation 
The growth of osl9lm during the irradiation is given by 
,.-..J 
Integrating equation (2) for the period 0 to 6 for constant beam 
intensity gives 
At time t after the end of the irradiation 
• 
The growth of os191 atoms during the irradiation is given by 
(5) 
(6) 
dN2/dt = R2 + t- 1 N1 - \ 2N2. · (7) 
Inter,rating this expression for the period between 0 and b for 
constant beam gives 
N~ = A2/ } 2 ( 8) 
= (R2 + Rl)/ \- 2(1 - e- ~ 2 r) + Rl/( ~ 2 - \l)(e- )\ 2 T_e_ ~ 1 --r:,. 
If Na2a is the number of these ~ atoms remaining after a decay of 
time t, then 
-} t 
N2a(t) = ~e 2 (9) 
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If N2b is the amount of dauq;hter remaining which had formed from N1 
during the period follmoring the end of the irradiation, then 
itJhen t 1 is 0 
N2(t2) = A2/ A 2 . 
= N2a(t2) + N2b(O,t2) 
(10) 
(11) 
= ~~ , +2R~ ( 1 _ 0 - ~2~ + ~) (·- ~2 (-~17 ]- ~2t2 
+ ( :: 1) 1- e -~1)e _)-,1t2 -e -~2~. (13) 
Before the ratio of the rate of formation of the ground state of osl91 
to the rate of formation .of the isomeric state could be calculated, it was 
necessary to transform countinr, rates into disintegration rates. 
To determine the disintegration rates of osl91 and Osl9lm, it was 
necessA-ry to estimate t heir counting efficiencies in the gas-flow counter. 
Hill and Hihelich (7) believed that the 74-kev isomeric transition was a 
mixture of 73 per cent E3 and 27 per cent M4 types. vfuen the experimental 
data for M4 t,rpe transitions of Goldhaber and Sunyar (8) were extrapolated 
to the region of z2/E equals 78 (for Osl9lm, E equals 74 kev and Z equals 
76), a value<.;;: 0.1 was estimated for t11e K/L ratio. Hill and Hihelich 
reported 0.1 as the K/L ratio for pure E3 type transitions. When these two 
values were combined, a K/L ratio of 0.076 was estimated for the 74-kev 
transition. They reported the relative total L conversion electron intensity 
to be 165, while the relative total L + H + N conversion intensity was 
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reported to be 229. When these values were employed with the estimated K/L 
ratio, a value of the ratio of conversion electron intensities, (L + M + N)/ 
(L + M + N + K), was f01md to be 0.95. The counting efficiency of the gas-
flow counter with platinum backing is approximately 78 per cent .for beta-
rays and electrons. Therefore, the estimated efficiency for c01mtinr, the 
osl9lm activity was 75 per cent. 
Swan and Hill (6) made coincidence measurements on the 15-day osl91 
and found evidence of coincidence between the 42-kev and 129-kev L conversion 
electrons. From the experiment they concluded that approximately equal 
intensity beta branches would proceed to the 171-kev and 129-kev excited 
states in rrl91 and both branches would be allowed transitions. F. K. 
McGowan (28) made coincidence measurements with a Nai and anthracene coinci-
dence scintillation spectrometer and found no coincidences between beta-rays 
and the 129-kev gamma transition. McGowan and coworkers (29) found that the 
171-kev excited state had a half-life of 5 seconds. Therefore, there 
probably is no beta branching as Swan and Hill had believed. 
Since there is a 5-second half -life at the 171-kev excited state in 
rrl91, the beta-rays and ~amma transitions will be observed as two separate 
events. The measurements made by Swan and Hill indicated that the 42-kev 
transition is probably highly converted. Therefore, it was assumed that 
the transition was counted with an efficiency of 78 per cent. Hhen the beta-
decay and the 42- and 129-kfv gamma transition were considered together, it 
was estimated that the Os19 would be counted with an efficiency of approxi-
mately 160 per cent. 
To determine the ratio of rates of formation of the isomer pair, the 
specific activity of the 14-hour osl9lm, taken at t equals 21.5 hours, 1vas 
corrected to zero sample thickness and divided by the efficiency factor 
(1.6) to give the 14-hour specific disintegration rate (disintegration per 
minute-mg. osmium). This specific disintegration rate of the 15-day Os191, 
at t equals 6 days, was obtained in the same manner. With the value of the 
osl91 specific disintegration rate and R1, R2 was found from equation (13). 
Table l shows the ratios of R2/R1 (column 6) obtained from 4-hour x-ray 
irradiations of Os04. Since there may be some other long-lived activity 
mixed with the 15-day osl91, and the intensity of the osi91 activity was 
rather low, it is felt that the ratios agree as closely as can be expected. 
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Irradiation 
time(hrs) 
Experiment 
no. l - 4 hrs 
- - - - - - -
Experiment 
no. 2 - 4 hrs 
------
EJq::e rime n t 
no. 3 - 4 hrs 
-------
Experiment 
no. L - 4 hrs 
alL-hour 
at t = 6 days 
Table l. Yields of Osl9l to Osl9lm form x-ray 
irradiations of Os04 
Sample 
Activitya Os act. thickness 
measured (mg/cm2) (dis/min/mg. Os) 
lLh 0.024 127 
l5d 0.024 lL 
- - - - - - - - - - - - - -
lLh 0.35 lLl 
l .Sd 0.35 16.6 
- - - - - - - - - - - - - -
lLh 1.13 491 
l5d 1.13 59 
- - - - ------ - - - - -
lLh 2.6 292 
l5d 2.6 35 
I b 
R2jRl.:!: c 
0.15 + 0.09 
------
•).21 + 0.1 
------
0.24 + 0.1 
0.25 + O.l 
activity measured at t ::: 21.5 hours; 15-day activity measured 
be determined by assuming an error of 5 per cent in A1 and A2. 
There was not enough information about the decay scheme of the 3-hour 
activity to determine its specific disintegration rate. An estimate of its 
disintef,ration rate was obtained by assuming the extrapolated specific activity 
corresponded to 70 per cent of its specific disintegration. The ratio of 
the yield of the 3-hour activity to that of the 14-hour osl9lm was found to 
be approximately 0.1. Perlman (30) has measured ('r, 2n) yields compared to 
(~ , n) and found them to be a factor of nearly 10 less than the (;r, n) 
yields; however, his measurements were not made in the region of heavy 
elements. If the short-lived (3-hour) nuclide is, as suggested by Chu (9), 
an isomer of Os190, its yield from a ( (F, 2n) reaction sho~ild be low because 
of the large spin change required to form an isomeric state in an even-even 
isotope. Therefore, the value of 0.1 found for the yields of the 3-hour 
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activity compared to the Osl91m yield seems to be high if the activity is to 
be allocated to an isomeric state of osl90. 
Neutron bombardment of osmium 
A.ctivities produced. Three osmium activities were found from (n, o) 
reactions in osmium (Figure 4), the 14-hour osl9lm, the 15-day osl91, and a 
31-hour activity which was attributed to osl93. 
A. rhenium separation was made and rheg~um counting sampleg were prepared. 
Three components were noted, the 4-day Rel , the 17-hour Rel8 and a rgriod 
with a half-life of approximately 2 hours which probably was due to Re 90(26). 
Determination of rates of formation of Osl91,19lm from neutron bombard-
ment. In two experiments the disintegration rates of the osmium activities 
were calculated from the relative counting rates of the two components in the 
gas-flow counter by the method of the previous section (p. 24). The ratios 
of rates of formation of osl91 and osl~lm obtained from neutron bombardments 
(Table 2) were in the same range as were the ratios determined from x-ray 
irradiations. 
In an attempt to determine the exact ratio of the isomer pair, an osmium 
sample lvas counted with a Nai scintillation spectrometer. Two peaks were 
found in scan.11ing the osmium activity, one corresponding to the 74-kev 
isomeric transition and a smaller peak corresponding to the 129-kev transition 
in Irl91. The peak height of the 129-kev transition was plotted versus time. 
There t.ras growth in the 129-kev peak and the initial slope of this curve was 
used to determine the rates of formation of Osl91,19lm. The following equations 
were used to determine the ratio. In these equations subscripts i and 2 and 
the symbols N, N°, A, A.0 , t, and "' have the same meanings as defined in the 
previous section (p. 2L). 
( - ~ 1 t - ~ 2 t I 0 - ~2 t ~ - e ~ + N2 e (14) 
~ A2/)2• 
Differentiation of the terms in equation (14) with respect to time 
gives 
d.A2 = ~ 2A.~ 
dt ~ 2- ~1 • (15) 
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Fig. 4--0sm.ium fraction from 1-hour neutrvn bombardment of 
osmium metal. 
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Table 2. Yields of Osl9l,l9lm produced in neutron 
irradiations of Osmium metal. Yields 
determined from counting data of gas-
flow counter 
Sample 
21 
Irradiation Neutron Os act. thickne~s Activitya 
Rial _:; c 
b 
time (hours) flux(n/sec) measured (mg/cm ) (dis/min/mg) 
Experiment 2.53 x 1011 14h 2.52 657 0.48 + 0.11 
no. 1 - 2.4 hrs 15d 2.52 89 
------ - - - - ------
Experiment 1013 14h 0.96 8,980 0.17 + 0.09 
no. 2 - 1 hour 15d 0.96 955 
al4-hour activity measured at t = 21.5 hours; 15-day activity measured 
at t = 6 days 
b c determined by assuminF, a 5 per cent error in A1 and A2• 
From these two equations 
(16) 
At t equals 12 hours the activity was found to be 4095 counts per 
minute, and the slope at this point 1-1as determined to be 55 counts per 
minute-hour. ;-Jben these values were substituted in equation (16) along 
1..ri th the known values of ~ 1 and ~ 2' the ratio of ~ ~ was fo1md to be 
1.4. This value was greater by a factor of nearly eight above the ratios 
determined from gas-flow counter data. During this experiment, however, 
the spectrometer was not stable, and this instability prevented an accurate 
determination of the slope of the growth in the 129-kev transition. If the 
instrument can be stabilized, this method should prove effective for deter-
mining the ratio of R~Rl• 
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Hexachloroosmate(IV) irradiations 
(NH4)20sC16 irradiations. In column 2 (Table 3) the samples listed as 
"gross" 1vere prepared from carbonate fusion of the (NH4)2 OsC16, and those 
listed as "not distilled" were prepared from the hexachloroosmate(IV) 
solution remaining in the still. Column 3 shows the weight of osmium which 
was counted; however, the electrode-position was not always complete and the 
solutions were analyzed to obtain the total weight of osmium in each fraction 
(column· 4). The value in column 4 opposite the gross sample was always equal 
to the 11mount of osmium placed in the distillation flask as (NH4)20sC16. The 
values ih column 4 multiplied by the specific activities in column 5 gave the 
total 14-hour activi~ in each fraction (column 6). In experiments l and 2 
the total activity of the gross sample lvlis not exactly equal to the total 
activity found by summing the activities of the distilled and not distilled 
samples, but were orobably within experimental error. 
The enrichment factor (column 9), defined as the ratio of the specific 
activity of the enriched fraction to the specific activity of the target, 
was found by dividing the values in colurn.11 7 by the corresponding values in 
column 8. There was very little enrichment in the distilled samples of 
experiment 1. In this experiment nearly 30 per cent of the osmium placed 
in the still was collected in the first fraction; therefore, a large fraction 
of the compound was decomposed and no concentration of activity could be 
expected. 
In the fourth experiment, the first osmium fraction was recovered from 
a neutral solution. When the (NH~) 20sC16 was boiled, however, the color of 
the solntion changed from the typlcal yellow of the /OsC16_7:!!!: to a green 
color. It was believed that the hexachloroosmate(IV) was being hydrolized 
to the {OsCl50B7=, whose salts have been reported by Dwyer and Hogarth (15) 
to form green solutions. Dilute HN03 was added to the solution before the 
rest of the fractions were collected, but little enrichment was obtained in 
any of them. Since the 7 per cent of osmium activity collected in the first 
fraction was from a neutral solution, it pro'bably came from osmium already 
in the higher oxidation state or from a species that was rapidly oxidized by 
11ir without the aid of HN03. 
In experiment 5, 7.5 mg of 0sVIII carrier was added to the radioactive 
(NH4)20sC16 solution. The solution was extracted with CCl4. A counting 
sample was prepared from the organic layer. The aqueous layer was placed 
in a still and osmium fractions >Vere collected as in previous experiments. 
The specific activity of the organic layer was found to be 293 disintegrations 
per minute-mg. osmium, while the specific activitJr of the aqueous phase was 
nearly 800. The total activity in the organic phase vTas 2200 disintegrations 
per minute and the total activity in the aqueous layer was 162,800 disintegrations 
Te1ble 3. Enrichment factors for Osl9lm from the Szilard-Chalmers 
process in hexachloroosmate (IV) 
1.11)'t. of ct Tot.~l Sp. act. Total Per cent Per cent 
Experiment Sample sample sample (dis/min. sample act. total total wt. Enrichment 
(me) wt.(mg) mg. Os) (dis/min) act. of Os factor 
1 gross 5.05 152 465 70,700 96 100 1 
440 mg. lst dist. 8.5 42.5 972 41,300 56 28 2 
(NH4) 20sCl6 2nd tt 9,7 74.0 149 11,000 15 49 0.3 
3rd 
" 
2.5 12.5 915 11,400 16 8 2 
4th 
" 
3.1 3.1 756 2,300 3 2 1.5 
5th ft 0.7 1.0 750 750 1 1 1 
not 
" 
5.05 12.6 542 6,800 9 8 1.1 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
2 gross 7.00 128 325 41,600 92 100 1 
345 mg. 1st dist. 5.7 6.0 1795 10,800 24 5 4.8 
(NH4)20sC16 2nd " 3.9 4.1 1850 7,600 17 3 5. 7 3rd 1f 12.6 13.2 212 2,800 6 10 o.6 
4th 
" 
1.9 6.8 174 1,200 3 5 o.6 
5th 
" 5.7 6.0 88 500 1 5 0.2 
not 
" 
8.2 91.5 244 22,300 49 71 0.7 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
3 gros~ 6.5 82 525 49,000 99 100 1 
215 mg. 1st dist. 2.7 5.1 5410 27,600 62 6 10.3 
(NH4) 20sC16 2nd " 7.0 7.8 354 2,800 6 10 o.6 3rd 
" 
11.1 12.3 243 3,000 7 15 0.5 
4th 11 3.8 4.2 214 900 2 5 o.4 
5th 
" 2.9 3.2 222 700 2 4 0.5 6th ·tl 5.8 6.5 147 1,000 2 8 0.3 
not fl 3.2 42.0 204 8,600 19 51 o.4 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
H 
Ul 
0 
I 
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Table 3. Continued ~ 
~it. of ct Total Sp. act. Total Per cent Per cent 
Experiment Sample sample sample (dis/min. Sample act. total total wt. Enrichment 
(mg) wt.(mg) mg.Os) (dis/min) act. of Os factor 
4 1st dist. 2.4 5.7 1620 9,200 7 3 2.1 
425 mg. 2nd dist. 5.6 1).9 2030 32,300 2) 9 2.8 
(NJ14)20sC16 3rd tt 2.7 5.4 1900 10,300 8 3 2.7 
4th II 2.1 2.7 2130 S,8oo 4 1 4.0 
·-
Sth 11 4.0 6.3 1990 12,)00 10 3 3.3 
·-
not dist. 7.3 146.6 403 59,400 56 80 o.6 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
s lst dist. 1.3 1.3 294)0 38,300 24 o.6 40 H (/) 470 mg. 2nd tl 1.3 1.3 169)0 2.2,000 lh o.6 23 0 
(~TH4)20sCl6 3rd tt 1.2 1.2 4540 5,500 3 0.6 s I \J1. ~ 
not 11 4.0 200 485 97,000 60 98.0 o.6 --.J 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
6 
190 mg. lst dist. 3.4 3.9 )700 S,lOO 19 2 9.5 
K20sC16 2nd " 3.6 3.9 1:321 1,200 4 2 2 Part A 3rd ft 3.1 3.8 61 so 0.2 2 0.1 
not 
" 3.4 36.0 560 20,200 76 93 o.8 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -6 1st dist. 3.3 3.5 5760 2,900 8 1 8 
2nd 
" 
3.8 4.1 1690 1,900 s 3 1.7 
Part B 3rd 
" 
2.7 3.9 153 1)0 0.4 2 0.2 
not ft 3.4 34.0 9SS 32,500 57 93 0.9 
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per minute; therefore, a maximum of 1.3 per cent of the total activity can 
be present in the sample in a form which exchanges directly ~-vi th Os04. The 
enrichment factor for the first small osmium fraction recovered from the 
aqueous phase was a factor of nearly 4 higher than in previous experiments, 
indicating that most of the concentration of activity occurs in the first l 
per cent of osmium distilled. If it was assumed that the next 4 per cent of 
osmium distilled carried in proportion the same amount of activity as the 
third osmium fraction, then approximately 60 per cent of the activity would 
be collected in 6 per cent of the osmium. This value agrees with the recovery 
found in the third experiment. 
In experiment 2 the per cent of osmium activity recovered for the first 
6 per cent of osmium collected was less than in experiments 3 and 5. However, 
si.nce the pH of the solutions, temperature, and flow of air through the 
solutions were not controlled exactly, it was believed that the variation was 
probably due to inconsistencies in experimental procedure. 
It is felt that an enrichment of activity 1..ras obtained in the case of 
(NH4)20sCl6 because the Szilard-Chalmers process produced a fonn of osmium 
which was oxidized to Os04 by HNOJ more rapidly than the (NH4)20sCl6• The 
extraction with CCl4 indicated th1s species was not Os04. Also, since there 
was a depletion of activity in some of the distilled samples, there must have 
been additional species formed which were oxidized more slowly than the hexa-
chloroosmate(IV). 
K20sCl6 irradiations. In experiment 6 (Table 3) K20sCl6 was used as 
the target for x-ray irradiR.tions. The sample was dissolved in .water and 
diluted to the mark in a volumetric flask. Approximately one-half of the 
solution was placed in the distillation flask and distilled immediately. 
The second fraction was allowed to stand l hour before distillation. The 
purpose of this experiment was to see if there was any effect upon the 
enrichment factor when the compound remained in solution for a period of 
time. 
In experiment 6 only a small amount of osmium was distilled in the 5-
minute intervals alloHed for each fraction; therefore, osmium carrier containing 
3 mg. of osmium was added to eacr distilled fraction. To obtain the amount 
of osmium which distilled, 3 mg. was subtracted from t he total weight of each 
distilled sample (column 4). The difference was used to calculate the values 
in columns 6 through 9. Since the weight of the osmium distilled was obtained 
qy difference with considerable uncertainty, it was believed that the 
difference between parts A and B WR.S not significant. 
The time allowed for the distillation of osmium in experiment 6 was 
the same as allowed for the expe riments with (NH4)20sC16. The rate of 
distillation of osmium from K20sCl6 appeared to be much slower than from 
(NHh) 20sCl6. Apparently, the presenc·e of .ffiHL.J+ is necessary for the rapid 
oxidation of osmium by the HN03. 
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Corrroarison of yie 1 ds of osl9l' 191m to the yield of cl34 from irradiations 
of (NH4)20sC16. The activity of the chloride samples prepared from carbonate 
fusion of (l\1f-T4) 20sCl6 was corrected to zero sample thickness and for decay to4 give the specific activity at t equal zero. The rate of formation of the Cl3 
was found from an equation of the sa:ne f9rm as equation (5). Table 4 shows 
the y ields of osl9l,l9lm compared to cl34. 
Photonuclear Reactions in Iridium 
Activities oroduced 
Osmium activities. '!he activities observed in the osmium fraction 
separated from iridium (Fi~ure 5) were the 14-hour osl9lm and 15-day osl91 
and a short-lived activity which appeared to decay Hi th a period of 
approximately 6 hours. If this activity was the same activity as reported 
by Chu (9) it would have been formed by a ( ~ ,p) reaction in Irl9l and as a 
daur,hter of the 12-day Irl90. 
Table 4. Comparison of yields of osl9l,l9lm to the yield 
of Cl34 in the x-ray irradiations of (NH4)20sCl6 
Activity Wt of Os Ht of Cl 
Experiment measured sample in AgCl 
1 33m Cl 
1300 mg. 14h 0s 
(NH4)20sCl6 l5d Os 
2 33m Cl 
439 mg. 14h Os 
(NH4)20sC16 15d Os 
(mg) (mg) 
565 
6.6 
6.6 
190 
5 
5 
2.78 
1.32 
a atoms cl34/min - moles cl35 
b atoms osl9l,l9lm/min - moles os192 
10.2xl07 
C(atoms Osl9l,l9lmjatoms Os192)/(atoms Cl34/atoms Cl35) 
43 
4 
36 
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Fig. 5--0smium fraction from 4-hour x-ray irradiation of 
IrCl3. 
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To determine if the 6-hour osmium activity was a daughter of the 12-day 
Ir19°, a sample of Irc13 was irradiated for approximately 12 hours. At the 
end of the irradiation osmium was separated by perchloric acid distillation 
described previously. At the end of a 24-hour period a second osmium 
separation was made. Severa) more osmium separations were made at approxi-
mately 4S-hour intervals. The specific activity of the various osmium 
counting samples was corrected to zero sample thickness. These data were 
plotted versus time after end of irradiation (Figure 6). The osmium activity 
decreased with a period of approximatel~ 12 days, indicating that the 6-hour 
osmium was a daughter of the 12-day Irl 0. .This confirms Chu 1 s observation 
and indicates the 6-hour activity is osl90. 
Iridium activities. In the iridium fraction (Figure 7), the 3-hour 
Irl90 and 12-day Irl)'C and an IS-hour activity were found. The well known 
1.4-minute and 75-day Irl92(25) could have been formed qy a(o, n) reaction 
in Irl93, but the 1.4-minute Irl92 would have decayed sufficiently to escape 
detection by the time the iridium was counted. The 75-day activity would 
not have formed in detectable amounts from these short irradiations. 
If the present assignment of known iridium activities as reported qy 
Hollander and coworkers (25) are assumed to be correct, the 18-hour activity 
would not be expected to be found from photonuclear reactions in4iridium; however, there is a well known 19-hour activity assigned to Irl9 • 
To ascertain if the 18-hour activity was due to Os19lm impurity in the 
Ir02 counting samples, osmium(IV) carrier was added to a solution from which 
an iridium counting sample vlas to be prepared. Sodium bromate and NaHC03 
were added to the solution. The osmium(IV) was oxidized to osmium(VIII) by 
the NaBr03 and remained in solution while the iridium was precipitated as 
Ir02. After the Ir02 was filtered off an osmium sample was prepared from 
the filtrate. Only a few counts above background were noted in the osmium 
sample and the IS-hour component was still observed in the iridium fraction. 
If platinum impurity were present in the iridium target, the 18-hour 
activitv could have been formed qy ( o, p) and ( 0 , pn) reactions in ptl95 
and ptl96. D. Christian (31) found the yield of the 19-hour Irl94 relative 
to the 13-hour Ptl97 to be about 0.05. From this ratio it was estimated 
that at least l g. of platinum would be necessary to produce the amount of 
18-hour iridium activity found. 
The possibility that the present assignment of the 18-hour iridium 
activity is wrong was al~o considered; hmvever, \~. Rall (32) assigned the 
18-hour activity of Ir19 on the basis of mass spectrograph measurements. 
Cork and Thornton (33) formed the 18-hour activity by a (d, p~ ) reaction 
in gold and Lindner (17) folmd an 18-hovr iridium activity formed as a 
dauv,hter product of the long-lived osl94. These exper~ents indicate that 
the present assignment of the 18-hour activity to rrl94 is correct. 
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Measurements of the absorption in aluminum were made for the 18-hour 
and 12-day iridium activities. The first measurement was made after the 
ne arly co~plete decay of the 3-hour Irl90. A second measurement was made 
after the 12-hour activity was no longer detected to obtain the absorption 
curve of the 12-day Irl90 (Fir,ure 8). The contribution of the 12-day Ir19° 
was subtracted from the counting data of the first measurement. These data 
were corrected for decay to give the 18-hour activity absorption curve 
(Figure 9). A Feather analysis (34) of this curve showed two groups of beta 
particles. One group had a maximum energy of about 2 mev. while the second 
group had a mftximum energy of nearly 0.6 mev. Both of the groups have been 
folmd in Irl94 ( 25). 
Goldsmith, Ibser, and Feld (35) reported a total cross section peak in 
iridit© of 3500 barns a t a neutron energy of 0 .7 ev. If the neutron flux 
was great enough during the synchrotron irradiation, the 19-hour rrl94 could 
have been formed in detectable amounts by an (n,ar) reaction in Irl93. 
~~ldsmith and coworkers (35) reported a total cross section peak in rhodium 
of 1)00 barns at a neutron energy of 1.3 ev. Since rhodium would not give 
any interfering ( ()', n) or ( 0', p) reactions, it should be ideal to measure 
the neutron flux in and near the x-ray beam of the synchrotron. Samples of 
rhodium metal were placed in and outside of the beam. The l..rell known 4. 3-
minute Rhl04 was found in both samples demonstrating the pre~ence of a high 
neutron flux during the x-ray irradiations. Samples of IrCl were irradiated 
in the same manner. The 18-hour activity was the only component noted in the 
sample v.rhich was olaced outside the x-ray beam. The intensities of the 18-
hour activity in the two samples were in proportion to the rhodium activities. 
In later experiments an x-ray shield of lead shot in a litharge-glycerine 
matrix was placed around the beam in the vicinity of the donut. After this 
shield was instat9ed the relative intensity of the 18-hour component compared 
to the 12-day Ir 0 increased nearly 3-fold. 
From these experiments it was concluded that the 18-hour flCtivity found 
in these investigations 1..ras due to the well known 19-hour rrl94. 
Determin:=J.tion of yields of activities produced by photonuclear yields 
in iridium 
The method used to convert counting data from the end-window Geiger-
Muller tubes into disintegration rates followed the treatment of L. R. 
Zumwalt ·( 36) who used the equation 
where 
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fw equal factor for beta-ray absorption by counter windovl and 
air 
fA equal factor for scattering of beta-rays by air 
fB equal factor for back scattering by the backing of the source 
fH equal factor for sourc~ support and housing walls in scattering 
beta-rays 
fs equal factor for self-absorption and scattering of beta-rays 
in the source 
G equal the geometry factor and is energy independent. 
The geometry fagtor was determined from the counting r ate and disinte-
gration rate of a Co 0 standard. The absolute disintegration rate of the 
co60 had been determined bv T. Crook from coincidence measurements. The 
product f ,/ A was determine-d for the 18-hour Jrl94 by extrapoh. ting its 
absorption curve to zero absorber thickness. The combined factor fBfHfs 
applied to the observed counting rate of t he 18-hour component vlas taken 
from data given by Engelkemeir and coworkers (37, p. 61) for a 2.5 mev. 
beta-emitter. For the 3-hour rrl90, the data for a 1.5 mev. beta-emitter 
was used. The factor fwfA for the 3-hour Ir19° was determined from the data 
of Zumwalt for a 1.7 mev. beta-emjtter. 
The absolute disintegration rate of the 12-day rrl90 could not be 
determined because not enough data were available about its decay scheme. 
An estimate of the 12-day Jrl90 disintegration rate was made qy assuming 
that the gamma-ray component found in the 12-day absorption curve (Figure 
8) was counted with an efficiency of 1 per cent. From this, it was found 
that the total counting rate of the 12-day component could be corrected to 
a disintegration rate by multiplying t he total counts by 3.73. It was 
assumed that the correction factor f '"Jf AfBfHfs ~·muld be 1 for the gamma activity. 
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Table 5. Yields of activities produced in x-ray 
irradiations of IrCl3 
Irradiation Activity Sample ~vt. Ir R Yields 
time measured thickness fraction (dis/min/mole Ir) compared 
(hrs) (~g/cm2) (mg) to 18-h Ir 
Experiment 18h Ir 10.1 5.1 7.9xlo7 
no. 1 - 4 hrs 3h Ir 10.1 5.1 5xl06 6.4xlo-2 
12d Ir 10.1 5.1 2.5xlo9 31 
14h Os o.6 645 7.7xlo5 9.7xlo-3 
l5d Os o.6 645 4.3xl05 5.4xl0-3 
------ - - - - - - - - - - - - - - - - -
Experiment 18h Ir 4.9 2.6 4.9xl08 
no. 2 - 4 hrs 3h Ir 4.9 2.6 4.0xlo7 8.lxlo-2 
12d Ir 4.9 2.6 l.3xlolo 27 
l4h Os o.6 645 4.3xlo6 8.8xlo-3 
15d Os o.6 645 2. 3xl06 4.7xlo-3 
The osl91,19lm activities were counted in the gas-flow counter and their 
rates of formation were found as described in a previous section (p. 24). 
Table 5 shows the yields of fhe activities produced in irradiations of IrCl3 
compared to the 18-hour rr194 (Column 6). 
Osmium Decay Scheme 
The coincidence measurements made by Swan and Hill (6) indicated that 
the 42-kev and 129-kev transitions in Irl9l were in cascade. Since the rrl91 
ground state had been assigned to a d 3/2 + nuclear level (25), they assigned 
spins and parities of 9/2 + and 5/2 + to the 171-kev and 129-kev excited 
states. ·Since the two beta branches lroposed by Swan and Hill were allowed . 
transitions, the ground state of osl9 was assigned a spj~ of 7/2 and even 
parity. Lifetime-energy considerations indicated that the 74-kev isomeric 
transition should have a spin change of three. They believed the isomeric 
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state should belong to an i 13/2 + nuclear level, and that the 74-kev 
transition would be an M3 type. Hill and Mihelich (7) irradiated a sample 
of osmium with thermal neutrons. They cumpared the number of transitions 
from the isomeric and ground states with beta-spectrographs, and with these 
data determined the relative thermal neutron activation cross section for 
the two levels by assuming the isomeric transition to be M3 with K/L equal 
one. On this basis they found the ratio of the rate of formation of isomeric 
and ground levels to be nearly 100. If the M3 assignment were correct the 
ground state would have been favored because the compound nucleus formed by 
neutron capture would decay to the level closer to it in spin. When they 
assumed an E3 type transition (K/L equal 0.1) the ratio was calculated to be 
ap?roximately six, which would be consistent with a p 1/2 isomeric level. 
These measurements by the above authors were made before McGowan and 
coworkers (29)had found that the 171-kev excited state in Irl91 had a half-
life of approximately 5 seconds. Since in this case the 42-kev transition 
would be an M2 type there would be a chanr;e in parity between the 171-kev 
and 129-kev excited states. McGowan (28) believed the 129-kev transition 
to he a mixture of E2 and l"!l types which would not require a parity change; 
nowever, he reported that his measurements did not exclude the possible 
classification El + M2 which would require a parity change. 
Cameron and Katz (38) have found that for isomeric pairs formed from ( u , n) reactions, the yield of the isomer with the smaller spin change in 
the reaction was favored. In these investigations osl9l,l9lm were formed 
from osl92, an even-~ven isotope, which probably has zero spin. In these 
reactions the metastable state was found to be favored and, therefore, it was 
assumed that the ground state had the higher spin. The results of these 
experiments are consistent with the observations of Hill and Mihelich. 
If the p 1/2 - level is assumed to be correct for the isomeric state of 
osl9lm, then the spin and parity of the osl91 ground state must be, 7/2+ • 
.\.nd since the half-life and energy of the beta-rays indicate that the beta-
transition is allowed, then the spin and parity of the 171-kev excited state 
of Ir19l is 9/2+. The 1~2-kev transition is M2 type, therefore, the parity 
of the 129-kev excited state_ in Irl91 must be changed from even to odd. The 
chanie in parity between the 129-kev excited state and the ground state of 
Tr19 would be consistent 1-1ith an El + M2 mixture. 
Figure 10 shows a proposed decay scheme for osl91,19lm which is consistent 
with the yield ratios found in this investigation. In this scheme it is 
proposed that the 74-kev isomeric transition, is an E3 type, the 42-kev 
transitions is M2, and the 129-kev transition is an El + M2 mixture. 
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STJJ'1MA.RY 
Samples of salts of /6sCl6 7= were irradiated in the x-ray beam of the 
67-mev Im.va State Collerre-&;nchrotron. The Szilard-Chalmers process appeared 
to be effective in ejecting t~te radioact i ve osmium atoms from the complex. 
High specific radioactivities of the osl9l,l9lm were obtained by distilling 
the recoilin g atoms from the complex. 
· Rat:ios of the rate of formation of Osl9l,l9lm were calculated from 
counting data wit~ the windowless gas-flow counter and the scintillation 
spectrometer. Based upon the values of the ratios and the lmowledge that 
the 171-kev excited state in of rrl9l has a 5-second half-life, a decay 
scheme for nsl9l,l9lm is proposed. 
In irradiations of IrCl3 a 6-hour osmium activity was found as a daughter 
product of the 12-day Irl90. X-ray irradiations also produced an 18-hour 
irid:lum activity. Absorption in aluminum mea13urements showed this activity 
to be the same as the well lmown 19-hour Irl94. When an iridium sample was 
placed outside of the x-ray beam the 18-hour activity was the only component 
found. This experiment demonstrated that the 18-hour activity was formed by 
an (n, ir) process. 
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